Objectives (44,7%). Curtos intervalo intergestacional (6 a 12 meses) foi mais comum entre mulheres de <25 anos (49,4%; p<0,001) e analfabetas (13,1%; p=0,043) 
Introduction
Birth spacing has become a major health promotion program strategy for mothers and children in recent decades in developing countries. The interpregnancy interval (IPI) has been reported to influence the outcome of pregnancy and birth. The relationship between the interpregnancy interval and perinatal health is receiving increasing attention. Perinatal mortality is an indicator of poor obstetric care. About 4 million out of 130 million infants born worldwide die during the 1 st four weeks of life and more than three million are still born. 1 It has been estimated that, worldwide, more than 76 million perinatal deaths occur annually, of which 98% take place in developing countries. 2 Pregnancy risk factors are all the aspects that endanger the life of the mother and the baby. The major negative pregnancy outcomes include neonatal mortality, low birth weight, still birth, malformations of the baby, and death of the mother due to difficulties during delivery. These factors may include poor nutrition of the women, child spacing, maternal age less than 15 years and over 35 years, inadequate prenatal care, lifestyle behaviours like smoking, overweight and obesity. 3 Appropriate pregnancy spacing has been recommended to achieve better perinatal outcomes. Birth spacing is thus an important consideration when planning a family.
Both short and long intervals between pregnancies have been associated with increased risk of a number of adverse perinatal outcomes, such as preterm birth, low birth weight, small size for gestational age, and perinatal death. 4 Some researchers have argued that short intervals between pregnancies merely identify women already at higher reproductive risk, either because of underlying disorders, socioeconomic status or life style factors. 5 It has been claimed that women with closely spaced births have insufficient time to restore the nutritional reserves needed to support fetal growth and development in the subsequent pregnancy. 4 Women who become pregnant soon after completing a pregnancy are considered to be at high risk for the delivery of a low birth weight infant.
Low birth weight (LBW) remains a public health problem in many parts of the world and is associated with a range of health problems, lasting disabilities and even death. Low birth weight has considerable short-and long-term consequences and leads to high costs for individuals and societies in a developed economy. The birth weight of an infant is the single most important determinant of newborn survival, since neonatal illness in general is closely related to low birth weight. More than 20 million infants worldwide are born with low birth weight (15.5%). 6 Some epidemiological studies 6 have observed that infants born under-weight are approximately 20 times more likely to die than heavier babies. Most of the previous studies [7] [8] [9] have focused on the effect of interpregnancy intervals and found that a short interpregnancy interval was associated with an increased risk of low birth weight in the infant.
In the State of Qatar, the average total fertility rate of women of child-bearing age is three children. The use of modern family planning methods is not widespread among Qatari women, which can lead to short birth intervals that affect the health of the mother and child. The vital statistics 10 reveal that a perinatal death rate in the range of 10.6 to 9.2 and low birth weight less than 2500 g (8%) have remained stable in recent years. However, as yet, no study has been conducted in the State of Qatar regarding the association between the interpregnancy interval and low birth weight. To the best of our knowledge, this is the first study investigating the impact of the interpregnancy interval on low birth weight and other adverse pregnancy outcomes.
Methods
This is a matched case-control study which was designed to determine the relationship between interpregnancy interval and low birth weight and other adverse pregnancy outcomes among Arab women in Qatar. The survey was conducted over the period from January 2010 to April 2011. Since nearly all births occur in two main government hospitals in Qatar, the Women's hospital and the Al-Khor hospital, the infants recruited from the obstetric units of these two hospitals are representative of the neonate population in Qatar. The present study is based on 854 new born babies with birth weight <2500 g as cases and 854 babies with birth weight ≥2500 g as controls. The study was approved by the Research Ethics Committee of the Hamad Medical Corporation and the Institutional Review Board of the Weill Cornell Medical College, Qatar.
For cases, mothers of 1216 babies with birth weight <2500 g were approached and 854 mothers consented to take part in the study, with a response rate of 70.2%. The cases were recruited by simple random sampling from the postnatal wards of the Women's and Al-Khor hospitals. The birth weight of the newborns was measured immediately after delivery.
Control subjects were healthy newborns with birth weight ≥2500 g. Mothers of 1158 newborns with birth weight ≥2500 g were identified from the postnatal wards of the Women's and Al-Khor hospitals and 854 of them agreed to participate in this study, giving a response rate of 73.7%. The healthy subjects were selected in such a way as to match the age, gender and ethnicity of cases so as to provide a good representative sample of the studied population.
The primary outcome variables for the present study were low birth weight, interpregnancy interval, parity, maternal height and weight and pregnancy outcome. Low birth weight is defined as when a baby weighs less than 2500 g at the time of his/her birth. Normal babies are considered to be those born weighing 2500 g or more. The interpregnancy interval was calculated as the number of months between the date of delivery and the date of the preceding birth, minus the duration of the pregnancy. The interval was calculated in months. Interpregnancy intervals were categorized as 6-12 months, 13-23 months and 24-84 months. Maternal age was defined as completed years at time of delivery. Parity was defined as the number of previous births including still births. Maternal height and weight before pregnancy were recorded in their patient files during their first antenatal visit in cm and kg respectively. Height and weight were measured using standardized methods and all the participants wore light clothes and no shoes for this part of the examination. The body mass index (BMI) was calculated as the weight in kilograms (with 1 kg subtracted to allow for clothing) divided by height in meters squared. The prepregnancy BMI was categorized into four groups: underweight (BMI <20 kg/m 2 ), normal (20 -24 .99 kg/m 2 ), overweight (25 -29 .99 kg/m 2 ) and obese (≥30 kg/m 2 ).
The questionnaire was designed to meet the objective of this study. The survey was based on standardized interviews conducted by trained health professionals. The participants were interviewed by health professionals and completed the questionnaires. The questionnaire had three parts. The first included socio-demographic information such as age, gender, nationality, educational level, occupation, place of residence (urban and semi-urban), type of house, monthly income, the second part dealt with maternal characteristics and the third neonatal outcome.
A translated Arabic version of the questionnaire was revised by a bilingual consultant. The survey instrument was then tested on 50 randomly selected mothers of neonates with birth weight <2500 g and 50 mothers of neonates with birth weight >2500 g from the hospitals as a pilot study. The investigators made the necessary corrections and modifications after considering the minor differences and discrepancies found during the pilot study.
The statistical analysis was performed by using the Statistical Package for Social Sciences [SPSS]. Student's t test was used to ascertain the significance of differences between mean values of two continuous variables and confirmed by a non-parametric Mann-Whitney test. Chi-square analysis was performed to test for differences in proportions of categorical variables between two or more groups. For 2x2 tables, Fisher's exact test (two-tailed) replaced the chi-square test if the assumptions underlying chi-square were violated, i.e. in cases of small sample size and where the expected frequency was less than 5 in any of the cells. The level p<0.05 was considered as the cut-off value for significance. Table 1 shows the socio-demographic characteristics of the studied cases and controls according to interpregnancy interval. Of the newborn babies with low birth weight <2500 g, the risk was higher among mothers who had short interpregnancy interval of less than 6-12 months (40.3%), whereas for normal weight newborns the majority of the mothers had a longer interpregnancy interval of 2 years or more (44.7%). In cases of low birth weight babies, mothers with a birth interval of 13 -23 months had the lowest risk of low birth weight (24.6%). Compared to controls, a short IPI of one year was significantly more common among younger women (<25 years) with low birth weight children (21.7% vs 49.4%) and less educated mothers; illiterate (9.1% vs 13.1%), or with primary education only (7.7% vs 14.2%). Table 2 shows the distribution of selected maternal characteristics among the cases and controls according to interpregnancy interval. For cases, women of short birth interval (6-12 months) were more likely to be underweight (8.1%) than mothers with normal weight children (4.5%). Prenatal care during the 1st trimester was lower in women with low birth weight children; especially those with a short birth interval who did not even attend antenatal clinics (70.9%). Chronic hypertension was the main pregnancy complication observed among the women with low birth weight children, followed by preeclampsia and antepartum haemorrhage and pregnancy complications were found less in women with normal weight children. Table 3 examines the neonatal outcome of mothers of low birth weight and normal weight chil-dren according to interpregnancy interval. Normal delivery was observed to be less common among mothers of newborns weighing less than 2500 g with a short IPI (58.7%) compared to the controls (79%). Multiple births occurred among mothers of low birth weight children especially in mothers with a prolonged interval of 2 years or more (10%), whereas the proportion was low in cases of normal birth weight children (2.6%). Figure 1 shows the relationship between interpregnancy interval and low birth weight. A J-shaped association was found between the interpregnancy interval and low birth weight. Low birth weight rate was most common when the interpregnancy interval was 6 months (25.2%), decreased as the interval increased, and was lowest when the interval was 24 months (5%). As the interval increased, LBW slowly increased in a linear fashion. Table 1 Socio-demographics characteristics of the studied cases and control according to interpregnancy interval (N=1708).
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Distribution of neonatal outcome among the cases and controls according to interpregnancy interval (N=1708).
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Discussion
A previous study by Bener et al. 11 discovered that maternal complications affected both the mother and the risk of neonatal morbidity and mortality. A birth spacing program using contraceptives is not encouraged for Arab women and the interpregnancy interval has been reported as an important factor for the mother and child. Hence, the authors made an attempt to determine the impact of the interpregnancy interval on low birth weight and other adverse pregnancy outcomes in the State of Qatar. The study findings highlight the strong influence of interpregnancy interval on low birth weight. In the study sample of low birth weight newborns, the birth interval 6-12 months was higher among younger women below 25 years of age (49.4%) than among the control group (21.7%). A significant association was observed between birth interval and maternal age (p<0.001) which is in line with another study 12 that found that birth interval increased with increasing maternal age. Increasing birth intervals with increasing maternal age is probably due to an increase in experience and knowledge of mothers with age or decreasing fertility. However, women need to be taught that long intervals are problematic when it causes the women to be over age 35 years at the time of pregnancy, since this is associated with adverse pregnancy outcomes. Conversely, in Canada, a study by Ram and Rahim 13 reported that there was no significant association between birth interval and marriage age. Women whose educational level was lower than intermediate education (41.2%) were more likely to deliver a low birth weight infant regardless of the birth interval. A short birth interval was observed to be more common among illiterate women (13.1%) with low birth weight children compared to mothers of normal weight children (9.1%). Generally, a short birth interval is influenced by the mother's educational status. It is a fact that, as education increases, the desire to limit the family size increases. Hajian et al. 14 have reported that a short birth interval is more common among women whose educational level is lower than high school education and a longer birth interval more common in women with a university education. These findings are similar to the educational status of the studied mothers of low birth weight infants with short and long interpregnancy interval. Short interpregnancy intervals were more common in women with a monthly household income of <Qrs.5000/-(10.5%) than in the control group (6.6%). We observed no significant differences in women with high house hold income between the two groups.
Our socio-economic results for women with LBW newborns corroborate the statement of Ecob and Smith 15 that low socio-economic level is the most important risk factor for low birth weight, including income, education, occupation and household leadership in the family. These results show that women of a lower socio-economic level had a higher risk of LBW than those in the medium and high socioeconomic brackets. A Mexican study 16 found that low socioeconomic level was the most important risk factor for low birth weight. In Sweden, 17 the association between interpregnancy interval and pregnancy outcome is confounded by maternal socio-demographic status. These results describe a positive relationship between socioeconomic conditions and the effects on mothers' health, leading to low birth weight and other adverse birth outcome.
The present study suggests a positive association between birth interval and low birth weight. Nearly half of the women with high risk of LBW had a short interpregnancy interval of 6-12 months (40.3%), whereas the majority of the mothers of normal weight children had a long birth interval of 2 years or more (44.7%). In Ethiopia, 18 it has been reported that conceiving within 12 months of a previous delivery is a critical interval for causing LBW. The risk of LBW was higher in mothers with short (40.3%) and long birth intervals (35.1%). It was found that infants conceived 18-23 months after a live birth had the lowest risk of low birth weight in both the groups of low birth weight and normal weight children (24.6% & 21.8%). The results of the present study corroborate the findings of earlier studies that women with short and long birth intervals are at increased risk of low birth weight. 19, 20 A possible explanation for the relationship between short birth interval and LBW is the maternal nutritional depletion hypothesis, which states that a close succession of pregnancies and period of lactation worsen the mother's nutritional status and there is no adequate time for the mother to recover from the physiological stresses of the preceding pregnancy before she is subjected to the stresses of the next. Two recent studies conducted in Utah 20 and Michigan 21 have revealed an apparent optimal interpregnancy interval of 18-23 months, which is associated with the lowest risk of adverse pregnancy outcomes, including low birth weight, preterm delivery, short gestational age and so forth. Our study findings regarding the association of birth interval and LBW are almost universally found and similar findings have been reported by many studies. [19] [20] [21] [22] The present study demonstrated a J-shaped association between interpregnancy interval and LBW. The risk for low birth weight was highest when the birth interval was the lowest, below 6 months (25.2%), and then the risk declined rapidly as the birth interval increased and was lowest for women with a birth interval of 23 months. Evidence has consistently shown that a birth interval of 2 years improves the chances of infant and child survival22 Again the risk increased linearly for women with an interpregnancy interval longer than 24 months. The J-shaped association between birth interval and LBW has been observed in many studies. 22, 23 The interpregnancy interval has been associated with maternal characteristics and adverse pregnancy outcomes. 24 The present study also revealed that a short interpregnancy interval is linked to antenatal care visits, underweight and pregnancy complications. In the present study, mothers of LBW babies with a short birth interval (6-12 months) were more likely to be underweight (8.1%) than mothers of normal weight children (4.5%). The Annual Health report 10 of the Hamad Medical Corporation has revealed a proportion of 7 to 8% of LBW among newborns during the last five years, which is in line with the results of this study, especially in mothers with a short birth interval (8.1%). A study conducted by Ehrenberg et al. 25 has reported that low maternal weight before pregnancy is associated with high risk of LBW.
A study by Haijan et al. 14 has reported that birth interval decreases significantly with increasing parity. But, in the present study, there are no obvious differences found in the interpregnancy interval groups with regard to parity. Chronic hypertension was a significant pregnancy complication in the women studied who had low birth weight children, especially in mothers with short birth intervals (20.3%). Compared to the control group, pregnancy illness was higher in women with low birth weight children. Women with LBW children and a short birth interval tended not to have attended antenatal clinics (70.9%) during the 1 st trimester. Lack of antenatal care is significantly associated with low birth weight. 26 A lower number of antenatal visits during the 1 st trimester was common in mothers studied who had low birth weight children, whereas adequate prenatal care was observed in mothers of normal weight children. Normal delivery was lower in women with a LBW child and a short birth interval (58.7%) than in the control group (79%). Likewise, multiple births occurred more among mothers of LBW children, especially those with a long birth interval of more than 2 years (10%), whereas multiple births were less common among mothers of normal weight children. These findings indicate that both short and long birth intervals are independently associated with a significant increase in the risk of LBW and other adverse pregnancy outcomes, which is consistent with another study by Sachar et al. 27 The study findings suggest that spacing pregnancies appropriately could reduce the rate of low birth weight and adverse pregnancy outcomes. It is worth noting that the optimal interval associated with the lowest risk of adverse birth outcome was 13-24 months. Hence, our study advises women on the benefits of delaying a subsequent pregnancy for approximately 2 to 4 years to improve the health of both mother and the next infant. A short interpregnancy interval is considered to be a potentially modifiable risk factor for low birth weight. There should be a health awareness program on the association between adverse pregnancy outcomes and short and long birth intervals and on the benefits of optimizing the birth interval.
Final considerations
The present study indicates that the length of the interval between pregnancies has a substantial effect on the risk of low birth weight and other adverse pregnancy outcomes. The main finding was that very short and prolonged interpregnancy intervals are related to an increased risk of low birth weight. The results reveal that the risk of low birth weight was higher in younger mothers with a short interpregnancy interval compared to mothers of normal weight children. Consistent with other studies, the study demonstrated a J-shaped association between interpregnancy interval and low birth weight. The birth interval of the women studied was influenced by their socio-economic status, including factors such as age, education and monthly household income.
